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$EVWUDFW
([WHUQDO VKDGLQJ GHYLFHV KDYH EHHQ XWLOL]HG YHU\ H[WHQVLYHO\ LQ RIILFH EXLOGLQJV LQ WKH WURSLFV WR UHGXFH WKH DPRXQW RI VRODU
UDGLDWLRQHQWHULQJLQWRWKHEXLOGLQJV,QDGGLWLRQWKHVKDGLQJV\VWHPVVLJQLILFDQWO\LPSURYHGWKHSHUIRUPDQFHRIGD\OLJKWLQJE\
FRQWUROOLQJ WKH DPRXQW RI OLJKWV OHYHOV RI LOOXPLQDWLRQ HQWHULQJ LQWR EXLOGLQJV 'XULQJ KRWWHVW GD\V WKH LPSDFW ZDV KLJKHU
KRZHYHU WKH VKDGLQJ OD\HUVFRXOG VWLOO LQFUHDVH WKHDPRXQWRI WHPSHUDWXUHJDLQV WKURXJK WKHJOD]LQJ6HYHUDOPHWKRGVFDQEH
HPSOR\HG WR LPSURYH LQGRRU WKHUPDOHQYLURQPHQW LQFOXGLQJXVLQJ OLJKWFRORUV IRUH[WHUQDO VXUIDFHVXVLQJD UHIOHFWLYHJOD]LQJ
V\VWHPDQGXVLQJ WKHDSSURSULDWH WKHUPDOSURSHUWLHVRI H[WHUQDO VWUXFWXUHDQG URRI7KHUHIRUH WKLVSDSHUGLVFXVVHV WKH LQGRRU
WHPSHUDWXUHDQGUHODWLYHKXPLGLW\E\XVLQJLQGRRUWHPSHUDWXUHDQGUHODWLYHKXPLGLW\HTXLSPHQW+2%2'DWD/RJJHUIRURIILFH
URRPZLWKWKUHHGLIIHUHQW W\SHVRIVKDGLQJGHYLFHVLQ0DOD\VLDZKLFKDUHIRFXVLQJRQWKHYHUWLFDOVKDGLQJKRUL]RQWDOVKDGLQJ
DQGHJJFUDWH VKDGLQJ7KHREMHFWLYHVRI WKLV UHVHDUFKDUH WRPHDVXUH WKH LQGRRU DLU WHPSHUDWXUH DQG UHODWLYHKXPLGLW\ LQ WKH
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,QWURGXFWLRQ
7KHVWXG\LQYHVWLJDWHVWKHDSSURSULDWHWHPSHUDWXUHDQGUHODWLYHKXPLGLW\LQRIILFHEXLOGLQJZLWKVKDGLQJGHYLFHV
XQGHUKRWDQGKXPLGZHDWKHURI0DOD\VLD ,W LV ORFDWHGQHDU WR WKHHTXDWRUZKLFK UHFHLYLQJVXQOLJKWKRXUVSHU
GD\7KHUHIRUHPRVWRI WKHRIILFHEXLOGLQJV LQ0DOD\VLDDUH IDFLQJSUREOHPRIKRZ WRSUHYHQW WKHGLUHFW VXQOLJKW
HVSHFLDOO\ IURPHDVWDQGZHVW+RZHYHUZLWK UDSLG WHFKQRORJ\DQGYDULRXV UHVHDUFKHV WKHDUFKLWHFWVRUGHVLJQHUV
DWWHPSW WR FUHDWH D GHYLFH WKDW FDQ DYRLGPRVW RI WKH VXQOLJKW LQWR WKH EXLOGLQJ7KLV GHYLFH LV FDOOHG DV VKDGLQJ
GHYLFH$ ORW RI VKDGLQJGHYLFHZDV LQYHQWHG VXFK DV YHUWLFDO VKDGLQJ KRUL]RQWDO VKDGLQJ HJJFUDWH VKDGLQJ DQG
YDULRXVPRWLYHDQGSDWWHUQVKDGLQJGHVLJQHGDFFRUGLQJWRGHVLJQHUV¶DQGFOLHQWSUHIHUHQFH7KHILUVWWKUHHVKDGLQJ
DUH VWDQGDUG VKDGLQJGHVLJQDQGZHUH DSSOLHG H[WHQVLYHO\ LQ0DOD\VLD&RQYHUVHO\ WKHVH VKDGLQJGHYLFHV DUHQRW
UHDOO\HIIHFWLYHLQUHGXFLQJWHPSHUDWXUHJDLQVDQGUHVXOWHGLQSURPLQHQWXVHLQWHUQDOEOLQGV7KHFRPPRQJXLGHOLQH










EHWZHHQ PXVW EHPDLQWDLQHG LQ RIILFH URRP7KLV WKHUPDO FRQGLWLRQZDV LQ WKH DFFHSWDEOH UDQJH RI ,62
$FFRUGLQJ WR0DOD\VLDQ ,QGXVWU\&RGH RI 3UDFWLFH RQ ,QGRRU$LU4XDOLW\  WKH DFFHSWDEOH UDQJH IRU
VSHFLILFSK\VLFDOSDUDPHWHUVIRUDLUWHPSHUDWXUHLV&DQGUHODWLYHKXPLGLW\LV:DLVXJJHVWWKH
RIILFHVDUHWRVHWWKHDLUFRQGLWLRQLQJWHPSHUDWXUHQRORZHUWKDQ&DQGDSSURSULDWHUHODWLYHKXPLGLW\RI












EHHQPHDVXUHG ZLWK VLPSOH LQYHVWLJDWLRQ GDWD ORJJHU $OO WKH WKUHH RIILFH URRP VHOHFWHG ZLWK GLIIHUHQW W\SHV RI
VKDGLQJGHYLFHVZDVORFDWHGDURXQG.ODQJ9DOOH\.XDOD/XPSXU7KHWHVWURRPGHVFULEHGDVFDVHVWXG\URRPIRU
RQHZHHNZKLFKVFKHGXOHG IURP)HEUXDU\ IURPSP WR)HEUXDU\ WRSP7KHUHDUH WZR
LQVWUXPHQWVRI+2%2GDWDORJJHUZDVVHWXSIRUHDFKURRPZLWKGLIIHUHQWW\SHVRIH[WHUQDOVKDGLQJGHYLFHV2QH






PHDVXUHPHQW WHVW URRPDVVKRZQ LVP7KHSDUDPHWHUVDSSOLHG IRU WKHILHOG WHVWDUHDLU WHPSHUDWXUHDQGUHODWLYH
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5HVXOWDQGDQDO\VLV




 WKHPD[LPXP LQGRRU DLU WHPSHUDWXUH DFKLHYHG EHWZHHQ WKUHH VKDGLQJ GHYLFHVZDV & 7KLV LV VKRZQ E\
RIILFH URRP ZLWK YHUWLFDO VKDGLQJ GHYLFHV 0HDQZKLOH WKH PLQLPXP LQGRRU DLU WHPSHUDWXUH DFKLHYHG IRU WKUHH
VKDGLQJGHYLFHVZDV UHFRUGHG DW &7KH DYHUDJH LQGRRU DLU WHPSHUDWXUHZDV UHFRUGHG LQ UDQJHRI&±
&$OWKRXJKWKHWHPSHUDWXUHGLIIHUHQFHLVRQO\&EHWZHHQDQRIILFHURRPZLWKYHUWLFDOVKDGLQJ&















,W LV D IDFW WKDWPRUHKHDWPHDQVPRUH HYDSRUDWLRQEXW WKLV HYDSRUDWLRQ LV OLPLWHGE\ WKH VDWXUDWLRQ ,I VDWXUDWLRQ
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5HIHUULQJ WR7DEOH WKHQHDUHVWYDOXHRIDLU WHPSHUDWXUHDQGUHODWLYHKXPLGLW\ WR WKH UHFRPPHQGHGVWDQGDUG








ILHOGPHDVXUHPHQWRI WKHDLU WHPSHUDWXUHVKRZV WKDW WKHKLJKHVWDYHUDJHGDLO\ WHPSHUDWXUH UHFRUGHGE\ WKHRIILFH
URRPZLWKYHUWLFDOVKDGLQJGHYLFH5HIHUULQJWR WKHDYHUDJHUHODWLYHKXPLGLW\SHUFHQWDJH WKHRIILFHEXLOGLQJZLWK
KRUL]RQWDO VKDGLQJGHYLFHKDV WKHKLJKHVW SHUFHQWDJHRQ WKH UHODWLYHKXPLGLW\ZLWK7KH LQFUHDVHRI UHODWLYH
KXPLGLW\ DQG GHFUHDVH RI WHPSHUDWXUH PDUNHG WKH V\PSWRPV RI KD]H DQG UDLQ\ GD\V $OO VKDGLQJ GHYLFHV¶
SHUIRUPDQFHV LQ LQGRRU DLU WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ DUH FRQVLGHUHG DFFHSWDEOH 7KH UHVHDUFK RXWFRPH
VKRZV WKDW WKH RIILFH EXLOGLQJZLWK HJJFUDWH VKDGLQJ GHYLFH LV WKHPRVW DSSURSULDWH WR EH DSSOLHG FRPSDUHG WR
RWKHUV DQG KDV WKH FORVHVW PDWFK WR WKH YDOXH RI LQGRRU DLU WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ EDVHG RQ WKH
UHFRPPHQGHGVWDQGDUGJXLGHOLQH
$FNQRZOHGJHPHQWV
7KH GHHSHVW JUDWLWXGH LV IRUZDUGHG WR WKH ,QWHUQDWLRQDO ,VODPLF 8QLYHUVLW\ 0DOD\VLD IRU WKH VXSSRUW 6SHFLDO
DSSUHFLDWLRQWRWKHEXLOGLQJRZQHUVZKRKDYHJHQHURXVO\FRRSHUDWHGDQGDVVLVWHGGXULQJWKHILHOGPHDVXUHPHQW
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